CHAPTER V

THE OZONE EXPERI MENT

A. | NTRODUCTI ON

The ozone experiment developed in this chapter was undertaken to
satisfy a variety of objectives.

First, benefits of reducing anbient ozone concentrations are poorly
understood apart from the overall value of reducing photochem cal air
pol lution. Thus, devel opment of a methodol ogy for using the contingent
val uation technique for valuing reductions in ozone exposure to househol ds
was one objective.

Second, the contingent valuation approach has been applied using nai
surveys in some instances and interview surveying in other instances.
However, the conparability of the two approaches has never been
established. W acconplish that objective by enploying both mail and
interview surveying in valuing ozone reductions in six sanple comunities
in the Los Angeles area. Overall, although response rates are
substantially lower for the mail surveys, the two approaches give very
simlar results. This is quite surprising since we deliberately did no
follow ups to increase the response rate for the mail surveys because we
were interested in detecting non-response bias. This possible lack of
apparent bias has a nunmber of inportant inplications. For exanple, the
Bi shop and Heberlein study (1979) used mail surveys, but included actua
dol I ar payments for obtaining some bids. This study is inportant because
it includes actual, as well as hypothetical attenpts to repurchase hunting
permts. However, the applicability of the results of this study have been
limted because mail surveys nmight have differed substantially in bidding
outcomes from interview surveys. Also, if mail surveys are valid,
surveying for benefits of national environnental prograns could be
undertaken at a greatly reduced cost conpared to in person interviews. Qur
results as presented in Section C suggest that further research in this
area is warranted. W originally expected to reject mail surveying for
bi ddi ng games as conplex as the one used in this study.

The third objective was to obtain a better understanding of
environmental preferences and how those preferences mght affect the
| ocation decisions of individuals. As we show in Sections B and C
respectively, the theoretical and enpirical |inkages between survey
responses and hedonic property values have not been explored, yet, this is
a rich area for future research.

The fourth objective was to explore the consistency of daily bids for
air quality levels with annual bids for a positively desired change in the
frequency distribution of occurrence of those air quality levels. If



annual bids (as perhaps capitalized in the property value study discussed
below) are consistent with daily bids, as we show in Section E, then people
are plausibly perceiving both the inpact of daily changes in air quality on
annual air quality, and of daily bids on annual bids, correctly. Also,
this consistency, as shown in Section B, inplies that individuals' utility
functions are roughly separable over time in air quality.

Finally, the fifth objective was to attenpt to validate the contingent
val uation approach for ozone by conparison with a property value study,
which we present in Section D. The property value study has been plagued
by problems of multicollinearity. Distance to beach and the air quality
variables of interest, ozone proxying for sub-clinical health effects and
TSP (or extinction coefficient) proxying for aesthetic-visibility effects,
are all highly collinear in the Los Angeles area. A variety of techniques
were enployed to attenpt to solve this problem The technique which
appears to give the nost stable results is the principal conponents
approach. The precise economic-statistical inplications of this approach
are not well understood, so our results should be interpreted with caution.
However, the objective of obtaining a health vs. aesthetics valuation split
using a hedonic property value study is extrenmely inportant both for
policy, since existing regulations are primarily health based, and to allow
a conparison with the survey approach for valuing ozone. This conparison,
which is quite favorable, is made in Section E

B. THEORETICAL ISSUES IN | NTERPRETING DAILY BIDS FOR AR PCOLLUTI ON
CONTRCL

Two issues are of concern in analyzing individual daily bids for ozone
reducti on.

First, individuals will likely have very different tastes wth respect
to air pollution control. In a previous study (see Brookshire, Schulze, et
al., 1982; and Schul ze, et al., 1983) where individuals were allowed to bid
for differing levels of pollution abatement for the Gand Canyon, sone
i ndi vidual s had concave bid functions for reductions in air pollution
willingness to pay increased at a decreasing rate for better air quality)
whil e others had convex bid functions (willingness to pay increased at an
increasing rate for better air quality). The latter.case is usually

considered to be "pathological" in that nonconvex indifference curves are
implied for individuals with convex bid functions. However, this case is
not entirely inplausible for environmental comodities. |f individuals

value a pristine environnent very highly, but feel that a somewhat polluted
environnent is just as bad as a very polluted environment, then they wll
bid little for inprovenents in air quality to levels below pristine, but
bid relatively |arge amounts to achieve pristine air quality. W analyze
this type of behavior below, focusing on developing a sinple neasure of
tastes to reflect the convexity of bid and indifference curves for

anal yzing the frequency of occurrence of individuals with what we will term
"nonconvex environmental preferences" after the shape of the inplied
indifference curve. In addition, we show that with a well defined hedonic
property value nmarket for air quality, individuals wth nonconvex
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preferences should cluster in the |east and nost polluted areas avail able
and not be found in moderately polluted areas, Later, we exanmine this
prediction in terns of the occurrence of nonconvex preferences as estinmated
from our surveys conducted in a highly polluted versus a noderately

pol luted area of Los Angeles County. W also conpare the frequency of
occurrence of nonconvex preferences as obtained frommil versus interview
surveys to test for relative bias in sanpling between the two approaches.

The second issue is the validity of obtaining daily bids for air
quality inprovenents. Daily bids greatly sinplify survey design, clarity
and specificity, but inply a degree of separability over tine which may not
be entirely realistic. For exanple, an individual nay wish to have clean
air nmostly on the day of a planned tennis gane and care less if other days
during the week are polluted. The validity of enmploying uniform daily bids
for air quality inprovenents is evaluated below with a theoretical node
specifying the degree of separability of utility functions which would be
necessary to justify this approach.

To explore these issues, the follow ng notation will be used

Let
t =tinme in days (t=1, 2, 3, ...);
Pt = level of air pollution on day t;
Rt = reduction in pollution on day t;
Yy = consumer incone;
y, = consunption on day t;

and BEt: daily bid for air pollution reduction.

To evaluate nonconvex preferences, time will initially be deleted from
the analysis. Thus, consuner utility is taken to be a function of incone
and pol [ ution.

U(y,P) (5.1)

where the partial derivative U_ is positive and U, is negative. |If the
initial pollution level is P°,Ythe observed pol lution I evel is given by

P =P° -R (5.2)

where Ris the reduction in air pollution associated with the policy or
standard to be valued. The bid, or willingness to pay for pollution
reduction, denoted B, can then be defined using a conpensating variation-
measure by the followi ng equation

U(y°,P°) = U(y°- B, P°- R). (5.3)

The initial income and pollution levels y° and P° respectively give utility
on the left-hand-side of (5.3) which is set equal to the utility on the
right-hand-side determined by the new incone |evel (which is reduced by the
bid for pollution control to y°-B) and the new pollution level (which is

| owered by the reduction in pollution to P°-R). Thus the maxi num
willingness to pay for pollution control is B.
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Margi nal willingness to pay can be obtained by totally differentiating
(5.3) and solving for 3B/3R which yields:

oB/3R = ~U_/U_ > 0.
oB/a o' Yy (5.4)
This expression is strictly positive given our assunptions on the signs of

U and U . To obtain the curvature of the bid function inplied by (5.4)
wlth respect to pollution reduction, R we take 3(3B/3R)/3R to obtain

2 U U
a];:pP‘PoU- (5.5)
3R U ()< P

y y

The usual assunption would be that the bid curve would increase at a
decreasing rate in R so the expression in (5.5 would be negative. This
woul d be true if U_ <0 and U, <0 (or U__ > 0 and sufficiently small)
given that U > 0 BRd U < 0. YBuder these’Bssumptions the indifference
curve between y and R h8s the usual shape for positively desired
commodities as shown in Figure 5.1 and the bid curve appears as shown in
Figure 5.2. However, as indicated above, there is sone evidence that bid
curves for sone individuals may increase at an increasing rate. This wll
occur if U >0and U _ >0 for U_ < 0 and lu| sufficiently small).
Figures 5.8Pand 5.4 sh¥% the indif¥Brence and bill curves respectively for
the case of nonconvex preferences. Note also that the arrowin Figure 5.3
denotes the direction of preference, i.e., that y and R are desired
conmodi ti es.

To test for nonconvex preferences anmong our respondents, we estinate
i ndi vidual bid curves as a function of pollution reduction using the
follow ng functional form

B = kR" (5. 6)

where k and n are estinated ag sepgrate paraneters for each respondent.
Gven this functional form "8 R/3R takes the form

[

R
3°B/3R% = kn(n-1)R"2

v A
[ NeNe
M
33 3
v i A

1
0
1.
Thus, if the estimated parameter n is larger than unity for an individua
respondent, we have an indication that the individual has nonconvex
preferences as defined above. Further, we can treat n as a taste paraneter
reflecting the shape of respondents' indifference curves and plot frequency
distributions of n anong subsanples to see how tastes are distributed

bet ween our mail versus door-to-door surveys and how tastes are distributed
spatially as well.

This last point deserves further elaboration. Qur previous research
suggests that a well defined property value gradient for air pollution
exists in the Los Angeles area. This inplies that the cost of a hone or
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Figure 5.1: Convex Indifference Curve
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Figure 5.2: Concave Bid Function
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Figure 5.3: Concave Indifference Curve

Figure 5.4: Convex Benefit Function
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<
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apartment varies with air pollution level. \Were we denote this cost as
C(P) where C(P) < 0, consuners will choose a pollution "location" where
they maximze utility,

U(y° - C(P)s P)s (5 8)

over choice of P. The first order condition for maximzation of (5.8)
implies

U
5= = €' () (5.9)
y

or that the slope of the indifference curve as shown in Figure 5.1 should
lie tangent to the rent gradient which has a slope of C (P). The solution
to this problemis shown graphically in Figure 5.5 for the case of nornm
preferences where P = P° - R is substituted into (9) above yielding

18]
ﬁR = C'(P°-R). (5. 10)
y

In Figure 5.5, R = 0 represents the worst air quality available in the
region, where the air pollution reduction is zero. The vertical line at
R denotes the best air quality available in the region, where the air
pgifution is reduced to the maxi num extent possible. The cost of housing,
C(P°-R), is subtracted fromthe horizontal line y°~-y°, representing initia
income before housing cost is subtracted, yielding the net income curve
y°-C(P°-R). The indifference curve denoted | is tangent to the net incone

curve where pollution reduction is R* and the individual chooses to live at
a pollution level P = P°-R*. The individual has chosen to reduce pollution
by living in a less polluted area, but to pay a higher cost for housing
than woul d have obtained in the nost polluted area. Individuals wth
convex preferences would presunably have solutions like that shown in
Figure 5.5 with tangencies distributed between R = 0 and R However,

i ndividuals with nonconvex preferences will likely locate 8ﬁfy at R=0 or
at R as shown in Figure 5.6. Thus, for exanple, an individual with a

prefgggnce direction A (and associ ated nonconvex indifference curves) would
have a corner solution and |locate at point a, an area of maximm pollution.
An individual with preference direction B would al so have a corner sol ution
but locate at point b, an area of |east pollution.

Thus, we have as a theoretical prediction that individuals with
nonconvex preferences for air quality should cluster in the nost and | east
pol luted areas and that such individuals should be poorly represented in
moderately polluted area. W test this prediction by exanining the
relative frequency of occurrence of nonconvex preferences (as indicated by
n's greater than unity) in heavily versus noderately polluted areas in and
around Los Angeles. Qur enpirical results presented in a follow ng section
show remarkable consistency with this prediction.
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Figure 5.5
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Figure 5.6
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The second theoretical consideration is that of uniform daily bids.
In general, utility over tinme can be specified as

U(YI’yz, . . . yT; Pl’ Pz’ - . .9 PT) (5.1”

a function of expenditures on day t, y._, and pollution on day t, P_, for
all days over the planning horizon from t = 1tot =T. If individuals

coul d hypothetically purchase a reduction in air pollution on day t equa
to Rt by paying a cost ct(Rt) then the budget constraint woul d be

T
y - Zlyt -z Ct(Rt) (5.12)
t=

where we ignore the role of conpound interest or assune the planning
horizon is very short. Substituting P_ = P°_ - R into (5.11) where P°t is
the initial pollution level before reductiofs & are pur chased, the
consuner optimzation problemis to choose Y. and Rtto maxi m ze (5.11)
subject to (5.12). Where A is the Lagrange multiplIer on (5.12) and L
denotes the relevant Lagrangian, first order conditions are:

aL/ayt = Uy -A=20 (5.13)
t
and
= - - 1 <
aL/aRt Up Act £ 0. (5.14)
t
Combi ning these we obtain (for noncorner solutions)
U
-—E£-= c,' (5.15)
iy £ - :

The left-hand-side of (5.15) is effectively identical to the narginal bid
B/OR defined earlier as aB/3R = - U_/U_in (5.4) above. In both versions,
the nunerator is the marginal disutgligy of pollution while the denom nator
is the marginal utility of money (X here is the shadow price on the budget
constraint (5.12)). However, in this case 3B/3R is a fairly conplicated
expression since

Up (yl"..’ YT; Pl,...gPT)
- 5.16
3R ) (5. 16)

and as can readily be seen, the marginal disutility of pollution depends on
expenditure levels over tine, the date t, and on pollution |evels over

time. In terns of daily bids, A is, nost likely, practically fixed.
However, daily marginal bids nay well depend on whether the particul ar day
is one on which high expenditures are planned, a | ong weekend occurs, or

nei ghboring days are polluted or clear. This level of complexity would
make surveying for bids difficult if not infeasible.
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Thus, the approach taken has been to ask for an average daily bid
Anot her justification would be to assume that the utility function is
separable as foll ows:

T
U= uly seans vp) = tiln(pt) (5.17)

so utility derived from daily expenditures, u(y,,..., y.., is separable
fromthe disutility derived on any day from pollution, S(P) . Further,
disutility from pollution on day t, D{(P ) is separable from disutility on
any other day t', D(P_.). but the disutglity function D(P) is the same for
every day. In this case, narginal daily bids are of the form

D'(pt)

3B/3R = — (5.18)

where P_ = P°t - R . Except for some mnor interdependence through effects
on the marginal utility of noney, A, this inplies separability of daily bid
functions for air pollution control. This sinplicity is of great use in
survey design and also eases the task of calculating total benefits of
changing the frequency distribution of occurrence of air pollution |evels,
which is the actual effect of air pollution control prograns. However, as
we have tried to point out above, the assunptions to allow this
sinplification are extrene indeed

C.  THE CONTI NGENT VALUATI ON APPROACH

C.1 The Sanple Pl an

To provide a broad range of values for potentially relevant
variables, six survey areas were selected that varied in peak ozone
concentrations as well as in denographic characteristics.

The survey areas are in: La Canada and El Mnte (in the Wst San
Gabriel Valley); Canoga Park and Encino (in the San Fernando Valley); and
[rvine and Newport Beach (in North Coastal Orange County).

Figure 5.7 shows the location of the survey areas in the South Coast Air
Basin (SOCAB). The illustration also shows the nunber of Stage | Ozone
Epi sodes during 1981 in the SOCAB.

It can be seen that La Canada and El Monte had approxinately 50 such
epi sodes during 1981, the San Fernando Valley comunities had about 10 such
days and in Orange County, Irvine had 5 and Newport Beach 0 Stage One
Epi sodes. There is year-to-year variation in air quality measures apart
fromlong-run trends but these figures provide a rough measure to indicate
the diversity of ozone levels in the survey areas. Al so shown on Figure
5.7 are typical daytime wind patterns. These winds are largely responsible
for the intra-basin novement of airborne em ssions.
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Figure 5.7: Sanple Areas,

Nunmber of State One Ozone Episodes

in 1981 and Daytime Summer Wnd Patterns in the
South Coast Air Basin
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Various denographic traits of the survey areas are presented in Table
5. 1.

When reviewing these traits, it should be kept in mind that no attenpt
was made to select a random sanple of SOCAB residents. Rather, the intent
was to provide sanple communities which would provide the w de range of
val ues sought in air quality and denographic measures

This sanpling technique is appropriate since the experiment was not an
attenpt to estimate aggregate benefits of ozone reduction across the SOCAB.

As can be seen, there is considerable variation anong the sanple areas
in nmost characteristics. Mean household inconme (in 1979) ranged from
$14,213 to $65,738. Further, within each air quality area there was
variation in 1979 nean incone: $14,213 and $65,738 in San Gabriel Valley;
$16,028 and $58,675 in San Fernando Valley and $32,096 and $43,528 in
Orange County. The desirability of |ow ozone levels made it virtually
impossible to identify a neighborhood with high air quality and |ow
i ncomes.

There was similar variation in other denographic variables: average
nunber of persons per household varied within each air quality area
al though the variation was less in the San Fernando Valley.

The San Fernando Valley survey areas also showed relatively little
variation in the fraction of the population that was nmore than 64 years
old. In both these cases in which the San Fernando Valley showed
relatively little variation, though, the values were internediate. That
is, there was no indication that the comunities selected for any air
quality area were extrene (except for the areas selected for extrene high
or low ozone |evels).

Wthin these broadly varied communities it mght be possible to
di scern meani ngful patterns in response rates or values of responses. The
results are discussed in sub-sections C.3 and C. 4 of this chapter.

C.2 Survey Design

Desi gn Consi derati ons

Survey-based bidding to estinmate the value of nonmarket
goods has been shown (Brookshire, et al., 1982) to be capable of producing
estinates consistent with alternative evaluation techniques. Reliability
in such estimates requires, however, that the object of the bid be a
wel | - defined and understandabl e good and that the paynent vehicle be
pl ausi bl e.

These are not trivial requirements in the case of basin-w de reduction
of ozone concentrations.

Ozone is known to be amobng the nost |ethal of gases (National Research
Council of the Rational Acadeny of Sciences, 1977) Even at the very |ow
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TABLE 5.1

U.S. CENSUS INFORMATION FOR SAMPLE AREAS*

Census No. of Mean % > 64 % Mean Travel

Community Tract No. Population Avg. Persons Households Income Years White Time to Work
La Cafada 4607 4903 3.03 1616 65,738 1.1 96.2 21 min.
El Monte 4334 9175 3.43 2673 14,213 7.1 72.7 21 min.
Canoga Park 1345 5645 2.40 2352 16,028 8.7 72.9 20 min.
Encino 1396 4319 2.60 1681 58,675 9.3 94.4 30 min.
Irvine 525.04 4340 3.16 1375 32,096 2.3 82.2 23 min.
Newport Beach 630.01 7528 2.25 3347 43,528 11.4 97.0 19 min.

*Source: 1980 Census.



concentrations (0 - 50 parts per hundred nillion) seen in SOCAB ozone has
been shown to have significant effects on human health and confort.

Qzone, however, exists as one of many irritants in photochem cal snog.
The effects of ozone in conbination with these other pollutants is poorly
understood. Even the effects of pure ozone have been difficult to exam ne:
ethical and logistical difficulties inhibit the study of long-term
intermttent exposure on human subjects while effects on experinental
animals vary considerably anmobng species.

The easily-identified effects of ozone exposure appear to be
reversible, but are not always easily explained. |In addition, sone of the
nost common effects of snbg (such as eye irritation) are typically caused
by conponents other than ozone.

QOzone is produced when certain em ssions (o0zone precursors) are
exposed to sunlight. |In SOCAB daytime on-shore breezes nove these
compounds inland during the exposure period, resulting in higher ozone
concentrations further inland (see Figure 5.7) with peak concentrations
during late norning and afternoon (Hoggan et al.) Because of nore intense
solar radiation ozone, concentration tends to be higher in sumer than
W nter.

The distribution of ozone concentrations within SOCAB varies wth
daily wind patterns, other meteorological phenomena and the |evel of human
activity which produces ozone precursors. The issue of ozone reduction then
is the issue of a probabilistic reduction of exposure to an agent with
probabilistic effects.

Early consideration was given to the use of a downward shift in the
annual distribution of daily maxi mum ozone concentrations as a bid object.
Wil e such a shift has the advantage of being the likely result of any
feasible ozone reduction policy, it could not be presented in a manner
suitable for a mail survey to the general population.

A specified ozone reduction on a specific day is nore easily
conmprehensi bl e but gives the choice of the day special significance.
Peopl e might reasonably have very different preferences anong weekends,
hol i days and ot her days and m ght even feel strongly about different
weekends during any summer nonth.

A bid object was finally selected which was intended to be fully
enough specified to elicit conparable responses from a w de range of
i ndi vidual s, but which avoided arbitrary specification of detail.

Identification of the good to be bid upon was acconplished by
referring to a nenorable day and using ozone levels on that day to define
the base level for bids to reduce ozone concentration on an unspecified
summer day.

Selection of the "nenorable" day was straightforward: the summer of
1982 was one of generally |low ozone levels, with a sharp increase just
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before and during the Labor Day weekend (see Figures 5.8-5.10). This |ast
maj or hol i day of the summer was also the tine of a major outdoor concert
(the US Festival). The coincidence of a severe deterioration in air
quality and an entertai nment spectacle caused wi despread news coverage of
bot h.

No such fortuitous event presented itself to aid in the designation of
a payment vehicle.

A fee placed on the enission of ozone precursors woul d involve at
| east noderately intrusive nmonitoring of private vehicle use. A payment
vehicle with substantial inconvenience would cause respondents' desire to
avoi d the inconvenience to mask their willingness to pay for ozone
reduction.

The nost workabl e paynent mechani sm seened to be a generalized price
increase with special attention drawn to increased operating costs for
vehi cl es.

The specification of a good to be bid upon and the designation of a
payment mechani sm constitute the core of the experiment. The bid questions
were suppl emented with a nunmber of other questions designed to provide
informati on about the respondent.

The Survey |nstrunent

Separate (but similar) instrunents were designed for each air
quality area surveyed (San Gabriel Valley, San Fernando Valley, North
Coastal Orange County).

Mail and Interview surveys differed only in that the Interview
i nstrunment included mechanical instructions to the interviewer to ensure a
uni form survey procedure. The survey instrunents are included in Appendix
A

Each survey instrument begins with a prol ogue which identifies the
research team but not the sponsor. This is followed by a review of ozone
effects and recent conditions in the survey area. After focusing attention
on Labor Day weekend, 1982 (see sub-section C. 2) the respondent is asked
whet her he (or she) or any family nember experienced any of the described
effects of ozone exposure. For each survey area the reference day is
different because the ozone peak occurred on different days in different
parts of the SOCAB. The questions for the San Gabriel Valley are

1. Didyou or any of the menbers of your immediate famly
experience any of the "ozone-induced" effects described above on
Thursday, Septenber 2?

Yes No (Pl ease Check)

2. If you answered yes, which of these synptons did you notice?
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Figure 5.8
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Figure 5.9
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Figure 5.10
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Your sel f Fam |y Menber
Synpt om

Decreased Vision

Mre frequent asthnma attacks

Cough, Chest disconfort

Q her (please nane)

Following this, the payment nmechanismis introduced and a bid is
solicited for specified reductions in ozone levels from the designated
peak. Three bids are solicited in the San Gabriel Valley, two in the San
Fernando Valley and one in Orange County. Questions from the San Gabri el
Val l ey are:

3. What is the nost your household would be willing to pay to reduce the
daily high ozone reading on that day from VERY POOR to POOR? Please circle
your answer.

$ .00 $2.00 $4.00 $6.00 $8.00 $11.00 $15.00  $35.00
$ .50 $2.50 $4.50 $6.50 $8.50 $12.00  $20.00  $50.00
$1.00 $3.00 $5.00 $7.00 $9.00 $13.00  $25.00  $75.00
$1.50 $3.50 $5.50 $7.50 $10.00 $14.00 $30.00  $100.00

4. What is the nobst your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to FAIR?

Pl ease circle your answer.

$ .00 $2.00 $4.00 $6.00 $8.00 $11.00  $15.00  $35.00
$ .50 $2.50 $4.50 $6.50 $8.50  $12.00  $20.00  $50.00
$1.00 $3.00 $5.00 $7.00 $9.00 $13.00 $25.00  $75.00
$1.50 $3.50 $5.50 $7.50 $10.00 $14.00  $30.00  $100.00

5. What is the nost your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to GOOD?

Pl ease circle your answer.

$ .00 $2.00 $4.00 $6.00 $8.00 $11.00 $15.00 $35.00
$ .50 $2.50 $4.50 $6.50 $8.50 $12.00 $20.00  $50.00
$1.00 $3.00 $5.00 $7.00 $9.00 $13.00 $25.00 $75.00
$1.50 $3.50 $5.50 $7.50 $10.00 $14.00 $30.00  $100.00

Imedi ately following the bid(s), the respondent is asked why they bid zero
if they did.

The respondents are then asked the extent of their outdoor activities
and how or if they change their behavior when ozone levels rise.
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The survey is concluded with a series of denpgraphic questions.
Included in the series is a question asking whether or not air quality was
considered in residential choice

Survey Procedures - Mi

Execution of the nmail survey was acconplished obtaining current
street address tel ephone directories for each survey area. These
documents, available from the local telephone utility, contain listed
t el ephone service custoners arranged by street address rather than
al phabetically in each service area. From these were taken residential
addresses within the preselected survey area. An initial goal of 500
nmailings in each area was nodified to accommbdat e somewhat fewer than
anticipated customers with listed nunbers in sone of the areas.

The surveys were nmiled during the first week of Decenber, 1982. Al
responses received before January 15, 1983 were included in the sanple if
they were conpleted. Four responses not included in the sanple were
received between January 15 and February 15, 1983

A series of nechanical and procedural errors resulted in a very snal
mailing to El Mnte in Decenber, 1982. To renmedy this tw additiona
mailings were required. The response rates were nearly identical in al
three nmailings. The results are treated as one group because of the smal
nunbers in each mailing response

No followup mailings or telephone calls were attenpted. This
strategy was adopted to exami ne the potential of a | ow cost contingent
val uation of environmental anenities. Such a device, if workable, would be
useful in the conduct of policy research regarding national or regiona
rather than local anenities.

A possi bl e extension of this approach could include a second mailing
to increase response rates. Such an effort would have to be very carefully
structured, though, since it would involve either the sacrifice of
respondent anonymity or the possibility of dual responses from sone
r espondent s.

Survey Procedures - Interview

A field supervisor was retained in Los Angeles to recruit and
manage interviewers and to review conpleted interview forns prior to their
shipment to Laramie. The supervisor is an individual experienced in, anbng
other things, hiring and training interviewers and managi ng fieldwrk. He
has consi derabl e experience and has successfully conpleted simlar
assignments for other research groups. Interviewers were selected
principally on the basis of successful experience in simlar survey
efforts. Other relevant criteria were availability of dependable
transportation, perceived ability to deal effectively with at |east one of
the sanple populations and interview ng skills.
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A nmenber of the project teamtraveled to Los Angeles to conduct a
training session with the field supervisor and interviewers. The training
session provided an opportunity for personal interaction with the
interviewers as well as describing project objectives

The session provided information to interviewers regarding the concept
of benefit neasurement, a review of previous related efforts and nock
interviews. The interviewers were remnded not to provide additiona
information to respondents about the research sponsors or its applications.

The training session was a valuable part of the survey effort with
i nterviewers gaining an understandi ng of the significance of the interview
process as a part of benefits assessnent.

Interviews were conducted during December 7-18, 1982, during the late
morning and afternoon. Interviews were conducted on weekends, as well as
weekdays to provide a full range of potential respondents.

Each interviewer was provided with a list of residents who had been
sent mail surveys and a street map of the survey area. They were
instructed to include all portions of the survey area in their attenpts
whil e avoi ding residences to which a survey form had been nailed. In two
of the survey areas (Canoga Park and Newport Beach) the interviewers were
obliged to survey in adjacent areas of simlar appearance to conplete the
desired nunber of interviews.

C. 3 Survey Results

There was considerable variation in response rates anong the five
survey areas. Table 5.2 presents response information for both interview
and mail survey efforts.

The interview response rate for resident contacts (those attenpts when
an adult-resident canme to the door) varied from24%in Canoga Park to 56%
in La Canada. There is of course no conparable rate for the mil survey.

Survey response rates are plotted agai nst mean househol d i ncome in
Figure 5.11. The nost obvious pattern that emerges is that the contact
response rate for interviews was in all cases higher than the mail response
rate. This is hardly surprising. There is no consistent pattern within
either the mail or interview groups. The Orange County communities had the
hi ghest nmil response rates but were in the mddle of the income range for
the communities.

Wthin air quality areas, the higher incone communities had | ower mai
response rates in Orange County and the San Fernando Valley, but higher in
the San Gabriel Valley. The San Fernando Valley interview effort reversed
this, with the higher income comunity having a higher response rate. The
San Gabriel Valley commnities had the highest response rates.
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TABLE 5.2: RESPONSE RATES AND RELATED INFORMATION

A B C D E F G
Reason for Refusal
Total Resident Refusals Do Not Consider Too Busy Other No
Attempts Answered Ozone to be a Reason
Door Problem Given
El Monte 54 44 14 2 4 7 1
La Cafiada 58 32 8 5 2 1
Communities Canoga Park 175 90 65 6 26 29 a4
Surveyed by Encino 80 33 14 6 7 1
Interview Irvine 55 36 1 1 7 1 2
Newport Beach 94 46 20 14 2 4
El Monte 519
La Cafiada 401
Communities Canoga Park 295
Surveyed by Encino 616
Vail Irvine 383
Newport Beach 408

(Table 5.2, continued)
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Table 5.2 (continued)

H 1 J K 1 M
Flawed Completed Cross Non- Net Contact
Surveys Surveys Response Protest Response Response
Rate Surveys Rate Rate
{1zA) (K=A) (K:B)
El Monte 2 28 .52 23 -43 .52
La Cafiada 4 20 .34 18 .31 .56
Communities Canoga Park 1 24 14 22 =13 -24
Surveyed by Encino 5 19 .24 15 .19 .45
Interview Irvine 1 24 .43 18 .32 .50
Newport Beach 1 25 .27 18 .19 .39
EI Monte 1 15 03 11 02
La Caiiada 6 37 .09 32 .08
Communities Canoga_Park 15 22 .07 20 07
Surveyed by Encino 23 04 19 03
Mail Irvine 60 .16 53 .14
Newport Beach 18 52 .13 42 .10
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In short, neither nmean household income nor air quality within a
survey area has an obvious relationship to response rates for either nai
or interview surveys.

The net response rate (percentage of survey attenpts resulting in
conpl eted surveys that did not protest the fairness of a
pol [ ution-reduction charge) was as mght be expected, higher for the
interview survey than for the mail survey.

Responses to survey questions are summarized in Table 5.3. The
responses are grouped by air quality area

The responses to question 7 are scaled as 1, 2, and 3 respectively for
Rarely, Cccasionally and Often and sumred for each respondent. This
produces an index of outdoor activity with a potential range of 0-24.

Apart fromthe bids (which are exami ned nore closely below) there
appears to be a remarkable simlarity between nail and interview
respondents in each air quality area. Mean years in current residence (#9)
and nmean years in the Los Angel es area (#10) are very close for
both mail and interview sanples. Ml respondents tend to he somewhat
ol der (#15) and nore educated (#14) than interview respondents and are mnuch
more likely to be nmale (#16). This difference presunably reflects the fact
that interviews were conducted on weekday afternoons as well as evenings
and weekends.

Apart fromthese responses, no clear pattern energes to differentiate
mai |l and interview respondents across air quality areas: San Gabriel
Valley (SG numil respondents noticed ozone-induced synptons nore often but
had |ower mean bids; in the San Fernando Valley (SF) mail respondents in
Enci no noticed ozone-induced effects | ess often and bad higher nean bids
whi | e Canoga Park residents noticed the effects nore often and had higher
mean bids. Orange County (OR) nmil respondents noticed the effects |ess
often and had |ower nean bids. Mean income was |ower for nail respondents
in SG higher in SF and OR

C.4 Analysis of the Data

The survey results are exam ned through three different
techniques in an attenpt to discern nmeaningful patterns in respondents
bi ds.

Tables 5.4-5.6 report the results of linear regression nodels of each
bid level. That is, the bid of each specified ozone reduction is entered
as the dependent variable in the regression. The bid is "explained" by the
sel ection of independent variables: household income (INC), education (ED),
an index of outdoor activities (ACT), and either years in current residence
(YH or years in the Los Angeles area (YLA). A separate equation is
calculated for interview and mail respondents in each air quality area.
Wil e these Eauations have limted explanatory power, as neasured by each
equation's R% some of the results do warrant commrent
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TABLE 5.3

Question #. 1 3 4 5 7 9 10 11
Community Symptom CBID BBID ABID Activity Years in Years in Consider
% Yes ®) ®) ®) (Index) House (Yrs) L.A  (Yrs) Alr Quality,
Mean Mean Mean Mean Mean Mean (% Yes)
(SD) (SD) (SD) (SD) (SD) (SD) (CD)
La Cafiada
Interview 16.7 15.92 16.92 24 .75 8.06 11.83 27.56
N=18 - (31.18) (31.05) (36.08) (5.05) (9.62) (16.92) 55.6
Mai l 46.9 .70 T3.66 20.97 7.00 TZ.03 78.56
N-32 - (18.59 (19.83) (26.24) (4-33) (10.09) (19.45) 40.6
El Monte
Interview 21.7 3.61 5.17 11.30 3.09 10.00 26.17 17.4
N=23 : (7.32) (9.50) (25.24) (3.41) (9.72) ar. 14 i
Mail 63.6 1 82 S. /3 15.86 6.36 11.82 23.82 9.1
N=11 - (2.05) (2.90) (28.71) (4.99) (12.67) (15.32) -
Canoga Park
Interview 27.3 4.82 8.59 7.77 5.64 18.77 13.6
N=22 ) (6.40) (14.01) (6.18) (5.63) (10.18) )
Mail 30.0 7.53 7.75 5.40 4.45 19.75 40.0
N=20 - (22.15) (22.10) (2.52) (3.36) (16.28) -
Encino
Interview 2.57 3.23 4.27 8.27 21.73 6.7
N=15 60.0 4.17) 4.79) (3.86) (8.07) (14.34) -
Mail 8.18 12271 721 T10.37 24 TT 26.3
N=19 31.6 (12.84) (22.48) (4.10) (8.04) (18.19) :
Irvine
Interview 16.08 4.22 4.67 24.28
N=18 38.9 (31.37) (3.19) (2.97) (17.75) 94.4
Mail 4.46 9.04 4.79 1402
N=53 22-6 (5.58) (4.00) (3.23) (13.26) 1.7
Newport Beach
Interview 38.9 9.83 7.22 12.33 20.50 72 2
N=18 B (25.63) (4.49) (6.61) (11.76) )
Mail 4.77 6.55 12.81 31.67
73.
N=42 19-0 (15.41) (3.62) (8.79) (19.74) 3-8
(Table 5.3, continued)
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Table 5.3 (continued)

Question #: 12 14 15 16 17 18 19 20 21
Community Info Education Age Gender Household Size Primary Residence Own or Income
Index (Years) (Years) % Male (Persons) Earner (% Detached) Rent ($000)
Mean Mean Mean Mean % (% Own)
(SD) D) (5D) (SD) (SD) (SD) (D)
La Canadg
T AR g @l me gy wr weo  we @R
e (o e (o) 83 (Ls5) 87 100-0 %8 Gse7y
El _Monte_
e o0y &.08) (13.53) 43-5 .70 65.2 87.0 %6-5 (0.49)
" (19) (62) (21.02) %4 .00 63-5 i °3-6 (11.53)
Canoga Pa_lrk
gt p&n FoR) G635 54.5 %) 40.9 7.3 31.8 (ﬁf gg)
Mail 1.35 15.00 36.70 90.0 2.10 75.0 250 250 28.30
N=20 (.88) (2.29) (11.24) (1.45) (20.26)
Encino i
I n_tﬁi\llgew (56) (68) (16-61) 1090 (1-30) 207 % -3 (20.5%)
" 1o %% oD (Aié: Z‘Z) 68.4 (i'.gf) 63.2 42.1 52-6 Gron)
Irvine )
In_tﬁzr\lléew () (159 (2.62) 38-9 (0% 38-9 100- 8-9 Gr11)
T I &% oo w1 wme ow
Newport I_Beach
e (56) @8y asen 383 (20 16-7 100- 944 (16.9)
"o (s9) @ G100y 87 (o 92.9 81.0 87 %




TABLE 5.4

REGRESSION RESULTS FOR BID ESTIMATES
SAN GABRIEL VALLEY SURVEY

R CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
CBID
INTERVIEWER RESPONSES:
9.01 .30 -40.23 -.23 .05 3.48 1.93
(21.93) (-2.13) (-1.57) (.16) (2.18) (2.41)
9.01 .31 -43.82 -.24 .12 3.55 1.98
(21.93) (-2.28) (-1.64) (.66) (2.24) (2.51)
MAIL RESPONSES:
7.69 .30 -27.32 .19 .65 .62 1.29
(16.38) (-1.55) (1.57) (2.98) (.47) (2.38)
7.69 .25 -37.57 .08 .31 1.64 1.08
(16.38) (-1.95) (.62) (2.37) (1.20) (1.96)
BBI1D
INTERVIEW RESPONSES:
10.33 .33 -37.52 -.26 .03 3.36 2.27
(22.23) (-2.00) (-1.82) (.10) (2.13) (2.86)
10.33 .34 -41.28 -.27 .12 3.43 2.33
(22.23) (-2.15) (-1.89) (.65) (2.18) (2.99)
MAIL RESPONSES:
11.12 .31 -23.83 -30 .66 .37 1.12
(17.64) (-1.26) (2.30) (2.83) (.26) (1.93)
11.12 .21 -29.04 .20 .21 1.25 .84
(17.64) (-1.36) (1.45) (1.44) (.82) (1.38)
RBID
INTERVIEW RESPONSES:
17.21 .24 -.29 -.12 -.17 AT 3.32
(30.81) (-.01) (-.56) (--36) (.20) (2.83)
17.21 .24 -.26 -.12 -.06 .45 3.36
(30.81) (-.01) (-.56) (-.24) (.19) (2.89)
MAIL RESPONSES:
19.66 .15 -5.21 .42 .52 -.19 .34
(26.64) (-.16) (1.93) (1.3 (-.08) (.36)
19.66 .12 -8.50 .35 .15 .48 211
(26.64) (-.25) (1.56) (.64) (.20) (.12)
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.5

SAN FERNANDO VALLEY SURVEY

z CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
BBID
INTERVIEW RESPONSES:
3.90 .12 .29 -.01 -.04 .16 .32
(5.65) (.04) (-.19) -.31 (.26) (1.76)
3.90 .13 1.12 -.02 -.05 .17 .33
(5.65) (.15) (0.33) (-.64) (.27 (1.83)
MAIL RESPONSES:
7.26 .04 -7.84 -.02 .42 .69 .31
(17.85) (-.32) (-.11) (.85) (.42) (.33)
7.43 .06 16.92 -.04 .23 1.09 .59
(18.07) (-.63) (-.26) (1.79) (.62) (.62)
ABID
INTERVIEW RESPONSES:
6.42 1 -2.37 -.10 -.12 .70 -49
(11.43) (-.16) (-.84) (-.42) (.55) (1.32)
6.42 A1 -1.76 -1 -.06 .71 .50
(11.43) (-.11) (-.96) (-.37) (.56) (1.35)
MAIL RESPONSES:
9.66 .06 -21.02 .04 .45 1.55 .29
(22.34) (-.69) (.23) (.72) (.75) (.24
9.86 .08 -31.82 .01 .27 2.02 .56
(22.61) (-.951 (.06) (1.15) (.93) (.47)
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.6

ORANGE COUNTY SURVEY

R CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)

ABID

INTERVIEW RESPONSES:
10.83 .26 24.30 -.22 -.88 -.19 3.43
(25.49) (.57) (-.78) (-1.14) (-.37) (2.61)
13.53 .19 92.95 .009 .20 -7.09 3.35
(29.50) (2.01) (.03) (.56) (-2.22) (2-09)

MAIL RESPONSES:
4.60 .01 -5.35 .03 .0009 .52 -.02
(10.99) (-.47) (.49) (.006) (.72) (-.06)
4.60 .02 -8.94 .02 .06 .67 .05
(10.99) (-.77) (.33) (.86) (.91) (.15)
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The outdoor activity index (ACT) is the only variable that has even
nodest statistical significance in nost of the equations. This finding is
not startling; it even provides npdest confort that a variable so closely
tied to outdoor air quality is not generally irrelevant. A noteworthy
feature of ACT's pattern is that the sign of the coefficient is positive
wherever it has even nodest significance (the exception in fact has t =
-.06).

In each air quality area the t-statistic is higher for ACT in the
interview sanple than for the mail sanple. This difference is nost extreme
in Orange County.

The Orange County sanples also show the npst extreme difference in
magnitude for the estimated coefficient of ACT. In SGthe mail and
interview ACT coefficients diverge with the degree of ozone reduction.
That is, the ACT coefficients for CBID are conparable in both forms of the
equation. The differences are greater for BBID and extreme for ABID.

The coefficients for ACT are all roughly conparable in the SF sanples.

The Orange County mail and interview equations differ to an extent
that is disturbing. This is especially so since the two Oange County
comunities were nore simlar than those in other air quality areas and had
much higher nail response rates.

The nost extreme difference between the nmail and interview responses
(Table 5.3) were in ABID (with nmail lower) and percentage of respondents
who were household primary earners (mail lower). This latter difference
was seen in SG and SF also, but mail respondent bids were generally higher.

This consistency, with typical expectations, is not shown in other
variables. ED, for instance, shows npderate statistical significance with
positive coefficients in SG but in SF has statistical significance in only
one equation, when the coefficient is negative.

This general inconsistency of sign and statistical significance
suggests that considerable subtlety will be necessary to provide
expl anation of ozone reduction bids.

To determine the influence of "outliers" on the regression estinates,
a technique devel oped by Belsley, Kuh and Wl sch (1980) (B-K-W and
previously applied by Desvousges, Smith and MGvney (1982) (DS M was
adopted. The B-K-Wstatistic, DFBETA, neasures the effect of an individual
observation on the estimated coefficients in a regression nodel.

It is estimated by Equation:
(XTX)-lx Te
DFBETA = b - b(i) =

i-h
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where h, is Xy (XTX)‘lxiT and the e,, are the ordinary |east squares
residuals. s

Following D-S-M #30 percent in any coefficient was taken as the
standard for defining an outlier. The nunber of outliers detected was
quite small: 1 each in 2 of the 12 SG equations; 1 each in 2 of the eight
SF equations; and 1, 3 and 4 in 3 of the four OR equations. The
re-estimated equations, with outliers remved, are presented in Tables
5.7-5.9. These revised equations differ substantially only in the constant
term ,which was in all cases the term associated with a |arge DFBETA.

An examination of the difference between the mail and interview
sanples is presented in Table 5.10. The mean and standard deviation of
each sanple bid is presented for the conplete sanple and for the sanple
with outliers renoved from each of the two regressions. For each pair of
mail and interview bid sanples, Student's t is calculated. This statistic
tests the hypothesis that the two sanples are drawn from the sane
popul ation, with the difference in the means being a result of variation in
t he popul ati on.

In no case can this hypothesis be rejected at the .05 | evel, and even
at the .10 level the hypothesis can be rejected only in Orange County.

This result is remarkable for a number of reasons. The |arge
difference in response rates might have been suspected of being an
indication of mail respondent self-selection and thereby causing sanple
bias. This possibility seemed especially troubling given the inherent
conplexity of both the substantive nmaterial and the survey instrunent.

The interview respondents, with interviewers available to explain the
material, had a less rigorous experience. This conplexity my have
substantially contributed to the self-selection of mail respondents with
hi gher mean education than interview respondents. The mail respondents had
mean years of education at |east one year higher than interview respondents
in all comunities except Newport Beach, which had the highest interview
respondent education level, 15.78 years.

The nmean bids have a large standard deviation in all comunities at
all levels. This is to be expected for valuation of a public good

Private goods, the benefits of which can be appropriated exclusively
by one user, have large variations in quantity purchased at a price that is
uniform for all buyers. Denand estinmation is acconplished by estimating
i ntended, desired or potential purchases by different individuals at
varying prices.

Public goods cannot, by definition, be made available in different
anounts to separate users; they are available in the sane amount to al
users, as is air quality in a given area

The estimation of "demand" in this case is acconplished by estimating
the prices different users would be willing to pay for a given amunt of
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.7

(With Outliers Removed)
SAN GABRIEL VALLEY SURVEY

Rz CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
CBID
INTERVIEWER RESPONSES:
11.25 .29 -46.77 -.24 .05 3.90 2.04
(24.41) (-1.98) (-1.41) (.09) (2.02) (1.99)
10.31 .31 -50.39 -.25 .15 3.88 2.18
(23.52) (-2.24) (-1.59) (.74) (2.17) (2.33)
MAIL RESPONSES:
8.15 .33 -29.10 .19 .73 .73 1.22
(16.90) (-1.60) (1.56) (3.16) (.52) (2.05)
7.90 .26 -43.62 .05 .33 2.12 .99
(16.94) (-2.01) (.37) (2.32) (1.34) (1.62)
BBI1D
INTERVIEW RESPONSES:
12.86 .32 -43.16 -.28 .02 3.72 2.38
(24.63) (-1.84) (-1.62) (.05) (1.95) (2.35)
11.80 .34 -47.44 -.29 .15 3.71 2.54
(23.78) (-2.13) (-1.82) (.73) (2.10) (2.74)
MAIL RESPONSES:
11.33 .36 -24.83 .30 .79 .33 1.16
(18.14) (-1.30) (2.33) (3.27) (.23) (1.85)
11.08 .23 -31.28 .19 .26 1.34 .83
(18.23) (-1.31) (1.25) (1.64) (.71 (1.23)
AB 1D
INTERVIEW RESPONSES:
21.59 .19 2.10 -.12 -.31 .44 3.25
(33.67) (.06) (-.47) (-.42) (.15) (2.16)
19.81 =21 -.19 -.12 -.06 .40 3.41
(32.68) (-.01) (-.50) (-.21) (.15) (2.45)
MAIL RESPONSES:
20.33 .19 -10.66 .42 .67 .26 .08
(27.37) (-.33) 1.90) (1.61) (.10) (.08)
20.08 .15 -4.58 .39 .21 .21 -.21
(27.51) (-.12) (1.63) (.87) (.07 (-.20)
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.8

(With Outliers Removed)
SAN FERNANDO VALLEY SURVEY

R CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
BBID
INTERVIEW RESPONSES:
3.90 .12 -29 -.01 -.04 .16 .32
(5.65) (0D (-.19) (--31) (.26) (1-76)
3.90 .13 1.12 -.02 -.05 .17 .33
(5.65) (.15) (-.33) (.64) (.27) (1.83)
MAIL RESPONSES:
7.26 .04 -7.84 -.02 .42 .69 .31
(17.85) (-.32) (-.11) (.85) (.42) (.33)
7.43 .06 16.92 -.04 .23 1.09 .59
(18.07) (-.63) (--26) (1.19) (.62) (.62)
ABID
INTERVIEW RESPONSES:
6.42 A1 -2.37 -.10 -.12 .70 .49
(11.43) (-.16) (-.84) (-.42) (.55) (1.32)
6.42 -1 -1.76 0.11 -.06 .71 -50
111.43) (-.11) (-.96) (-.37) (.56) (1.35)
MAIL RESPONSES:
9.66 -06 -21.02 .04 .45 1.55 .29
(22.34) (-.69) (.23) (.72) (.75) (.24)
9.86 .08 -31.82 .01 .27 2.02 .56
(22.61) (-.95) (.06) (1.15) (.93) (.47)
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TABLE 5.9

REGRESSION RESULTS FOR BID ESTIMATES
(With Outliers Removed)
ORANGE COUNTY SURVEY

r2 CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
IABID
INTERVIEW RESPONSES:
10.83 .26 24.30 -.22 -.88 -.19 3.43
(25.49) (.57 (-.78) (-1.14) (-3 (2.61)
13.53 .19 92.95 .009 .20 ~7.09 3.35
(29.50) (2.01) (.03) (.56) (-2.22) (2.09)
MAIL RESPONSES:
4.60 .01 -5.35 .03 .009 .52 -.02
(10.99) (--47) (.49) (.006) 72 (-.06)
4.60 .02 -8.94 .02 .06 .67 .05
(10.99) (-.771) (.33) (.86) (.91 (.15)
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TABLE 5.10

t-TESTS FOR DIFFERENCES BETWEEN MAIL AND INTERVIEW SAMPLES

Years in House Years in L.A.
Outliers Removed Outliers Removed
San Mean t- Mean t- Mean t-
Gabriel N (Stan. Dev.) Stat N (Stan. Dev.) Stat N (Stan. Dev.) Stat
CBID
Interview 41 9.01 34 10.60 32 11.25
) (21.93) (23.81) (24.41)
Mail 43 7.69 .31 4 7.76 .59 4 8.00 .64
(16.38) (16.76) (16.71)
BBID
Interview 41 10.33 34 12.13 32 12.86
(22.23) (24.05) (24.63)
Mail 43 11.17 -.18 41 11.29 17 41 11.54 .26
(17.65) (18:05) (17.96)
JABID
Interview 41 17.21 34 20.37 32 21.59
(30.81) (33.01) (33.67)
Mail 43 19.67 -.39 41 20.20 .02 41 20.44 .16
(26.65) (27.18) (27.04)
San
Fernando
BBID
Interview 37 3.91 37 3.91 37 3.91
(5.65) (5.65) (5.65)
Mail 39 7.85 -1.30 38 8.03 -1.33 39 7.84 -1.30
(17.99) (18.19) (17.99)
ABID
Interview 37 6.42 37 6.42 37 6.42
: (11.43) (11.43) (11.43)
Mail 39 9.92 -.87 38 10.13 -.91 39 9.92 -.87
(22.10) (22.36) (22.10)
Orange
County
ABID
Interview 36 12.96 33 13.53 32 10.83
(28.41) (29.50) (25.49)
Mail 95 4.66 -1.72* | 95 4.60 -1.70* 94 4.65 1.33
(10.99) (10.99) (11.04)

*Reject Ho at .10 level
ot =1y

Hy s g # 1y
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the good. Since there is variation in individual preferences, one would
expect large variation in this bid estimate just as one woul d expect |arge
variation in quantity estimates for a private good at a particular price

The third technique applied to the data exam nes changes in individual
bi ds over ozone-reduction intervals rather than aggregating individual bids
for a specific reduction.

In this effort an equation of the form

is estimated, where B, is a household's bid for the ith ozone-reduction
interval, R, is the réduction and A and n are coefficients to be esti mated.
(See Sectiofi B for an exanination of theoretical aspects of this bid
equation).

For each respondent there are three observations in the San Gabriel
Valley (fromDto C, fromDto B and fromD to A) and two in the San
Fernando Valley (fromCto B and fromCto A). Wth only one bid per
respondent, an estinate of the equations in Orange County would be
meani ngl ess.

To estimate the equations, the ozone reductions were taken to be from
the midpoint of the reference interval to the nmidpoint of succeeding
intervals. That is, R1 in SGis from38.75 pphm (the midpoint of D as
depicted), to 27.5 pphm (the nidpoint of C, or a reduction of 11.25
Simlarly in SGis 17.75 (fromD to the mdpoint of B, 14.5) and R3 is
32.25 (38.75 to 6.5).

In SF, bids begin at the midpoint of C (27.5) so that R is a
reduction of 6.5 and R2 is 21.

The results of these efforts are presented in Figures 5.12-5.13. The
vertical axis is nunber of respondents in each category. The bar to the
left of the origin shows the nunmber of respondents who bid zero at al
level s (This does not include "protest zeroes").

The nunbers to the right of the origin are values of n.

The distribution of values for n of respondents has a pronounced
pattern: In the intermediate ozone level area sanpled (SF) the range stops
at approximately 1.0 except for one observation. Al three observation in
the 1.0-1.1 range actually have estimated values for n of 1.026. In the
hi gh ozone level area sanpled (SG estinmated values for n continue beyond
unity ranging beyond 15.

The termnation, at approximately 1.0 exists in both interview and
mail sanples in the San Fernando Valley (with the one exception); the
continuation of the range in the San Gabriel Valley |ikew se exists in both
sanpl es.
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As shown in Section B, values for this coefficient less than unity are
consi stent with the concave preference functions typically assumed by
econom sts to exist. Values greater than unity indicate increasing
marginal utility of ozone reduction. |Individuals for whomn > 1 would be
expected to |locate thenmselves in areas of extreme air quality (whether high
or low) unless there were a conpelling preference unrelated to price and
ozone levels in residential choice (a desire to be near one's job or one's
chil dhood nei ghborhood for exanple).

This statenent warrants sone further el aboration, since it seems to
suggest the existence of "extremists" who are little concerned with which
extreme they choose

A coherent description of the preferences of an individual with n > 1
woul d include the observation that such an individual places a relatively
hi gh value on preservation of air purity at a very high level. This person
woul d place a | esser value on preservation of air purity if air quality had
already been significantly degraded

Conversely, a relatively Ilow value would be placed on an incrementa
i nprovenent in air quality unless the increment would "restore" pristine
air. Each succeeding increment would have higher value. The fina
increment would have a higher value than any preceding inprovenent.

This person, with non-convex preferences, is to be contrasted with the
typi cal person found in economnm ¢ anal ysis who places ever snaller value on
succeeding increnents in availability of any good. The inprovenment that
brings air quality to a pristine state froma slightly inpaired condition
woul d be valued | ess than a sinmilar inprovenent in seriously degraded air
This parallels the expectation that a given ration of food would be val ued
nore if a person had been deprived of food than if the same person were
near full satiation.

Individuals with convex (i.e., "nornal") preferences nmay have very
different tastes regarding air quality. Sonme nay place very high val ues on
cleaner air and others may regard air quality as insignificant relative to
all other considerations in residential location. The convex indifference
curve shown as Figure 5.1 inplies only that successive inprovenents in air
qual ity have values that are |less than earlier inprovenents. These early
i mprovenents nmay have very high as well as very |ow val ues.

These "normal" individuals can "purchase" a conbination of air quality
and ot her goods by choosing a location along the pollution-rent gradient
depicted in Figure 5.5

Individuals wth non-convex preferences, though, would not be inclined
to choose any internediate level of air quality.

If, froma location with [owest air quality, such person were wlling
to "purchase" a small inmprovement (by noving to an area with slightly
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hi gher air quality), he or she would be willing to purchase nore since each
successive inprovement has higher value

Wth such a preference system a person would be inclined to choose
the highest possible air quality. If the premium for this |level, though,
were deemed to exceed the value, the second choice would not be sone
internediate air quality location, but an area with low air quality.

These individuals differ from those with convex preferences not
(necessarily) in the strength of their preferences for clean air as opposed
to other goods but in the relative assessment of the value of inprovenents
inair quality.

Thus we night find as neighbors in a |owpollution area one person
with convex preferences who places a very high value on a small initia
i mprovenent and very small val ue on succeeding inprovements and anot her
person who places very snmall values on any inprovenment in air quality
unless it brings pristine air.

The former would be little inconvenienced if local air were slightly
degraded. The latter would protest vigorously or nove

Similarly, a high pollution area mght contain some people who would
make substantial sacrifices for a small inprovement in air quality (but
| ess than the housing-cost differential of such an area) and others who
woul d make essentially no sacrifice unless it would bring pristine air.

These are of course the extreme cases. The inportant point is that
persons wi th non-convex preferences would not generally locate in areas of
internediate air quality. The individuals are, of course, concerned with
whi ch extreme they choose.

San Fernando Val |l ey respondents had, with one exception, convex
preferences. San Gabriel Valley respondents included a nunber of people
wi th non-convex preferences.

This distribution of preferences is that inplied by the theoretica
devel opment in Section B. A very small number of individuals with
non- convex preferences woul d be expected in intermediate air quality areas
of other communities to exist with simlar anenities differing only in air
quality.

The Los Angeles area, with its very diverse nmix of neighborhoods would
be expected to offer very high or very lowair quality locations with
anenities sinmlar to the San Fernando Valley comunities in this study.

I ndeed, one suspects alnost any conceivable amenity nix could be found

The agreenment between the pattern inplied by a theoretica

consi deration of |ocation choice and the estimated values of n in high and
internediate ozone level comunities is rather dramatic.
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The coefficient n can be thought of as a variable reflecting tastes.
That it appears to be significant in residential choice suggests that
exam nation of other variables reflecting tastes might be fruitful

The activity index, ACT, used in regression nodels can al so plausibly
be interpreted as a taste variable. Gven the broader range of "tastes",
as neasured by n, extent in the San Gabriel Valley than in the San Fernando
Valley, one mght expect a taste variable to have nore significance in SG
than in SF. This is so in the mail sanmple, but not in the interview
sanpl e. In fact, in SF and OR regressions ACT carries substantially nore
significance in interview than mail sanples.

A greater relative inportance of taste in explaining bids is, however,
suggested by the nmuch larger coefficients for ACT in SGand OR than in SF
in cases where the coefficient has even a low level of statistica
significance.

Qpportunities for further research are indicated by the apparent
conplexity of the patterns involving survey response, respondent |ocation
decisions and other characteristics and bid |evels.

D. THE PROPERTY VALUE APPROACH

D.1 Introduction

Previous research efforts have found survey results to be
generally consistent with the hedonic housing value approach (Brookshire,
et al., 1982), a hedonic wage analysis (Cunmings, et al., 1982) and the
recreation-based travel cost method (Desvousges, et al., 1982). In
addition, surveys have been found to be internally consistent and
conpatible with demand theory (Schulze, et al., 1981). However, the debate
over the validity of survey results continues in spite of these previous
successes.

The purpose of the research reported in this sectionis to add to the
literature concerning the validity of surveys designed to ascertain the
val ue of environnental goods. This is acconplished by undertaking a
detailed analysis of the relationship between housing values and ozone
concentrations in the South Coast Air Basin. The objective was to devel op
an ozone based rent differential to conpare to the survey results presented
in the previous section. This is in accord with the theoretical treatnent
in Brookshire, et al. (1982).

The research described herein enconpasses two separate but related
housing value studies. First, the housing value anal ysis was conducted in
Los Angeles County. Second, the study area was expanded to include the
remai nder of the South Coast Air Basin (Orange County, Riverside County,
San Bernardino County). This was done to overcome enpirical difficulties
The research was directed at determ ning whet her housebol ds actually pay
for cleaner air in the formof higher housing values for hones in clean air
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communities and if this willingness to pay was conparable to the
hypothetical wllingness to pay expressed in the survey instrunent

Val uation of reductions in urban air pollution concentrations based
upon housing value differentials is the nost common form of the hedonic
price procedure as devel oped by Rosen (1974), the basis of which is
Lancaster's (1966) consunption theory. This procedure assumes that access
to environmental (dis)anenities is capitalized in property values. This
assunption is based on the prenise that households are willing to pay a
premium for an otherwi se identical hone |located in a clean air area versus
that located in a polluted area

Among public goods which have been val ued using the hedoni c housing
approach are air pollution (Anderson and Crocker, 1971; Harrison and
Rubi nfel d, 1978), social infrastructure (Cunmmings, 1978) and other
community characteristics such as noise level (Nelson, 1979) and ethnic
conmposition (Schnare, 1976).

The hedoni ¢ approach for assessing the benefits of environnenta
improvenent is generally viewed as a nultistage procedure (see Rosen, 1974
Freeman, 1979). The initial step is to estinate the hedonic price gradient
whi ch expl ains home sale price as a function of the house's structura
characteristics as well as the characteristics of the community and
nei ghborhood in which it is located, The second step is to deternmine'the
inplicit price of environnental change by differentiating the hedonic rent
gradient with respect to the variable of interest. Subsequent steps
include estination of the inverse demand curve and integration to obtain
benefit estinmates.

The hedoni c procedure as outlined above was generally well-received by
the econonics profession until just recently. However, a nunber of
aut hors, including Brown and Rosen (1982), Mendel sohn (1981), and Pal nqui st
(1982) have criticized the approach as not possessing sufficient
information to identify the (inverse) demand curve in the subsequent steps.
For this reason the nethodol ogy enpl oyed here is to follow Brookshire, et
al. (1982) and conduct the validation test using the rent differentia
(second step) rather than actual benefit estimates.

Elimnation of the theoretical problemof direct benefit estimation in
the hedonic format does not, however, elimnate all potential difficulties
Estinmation of the hedonic price gradient nust be conpleted within the
confines of the data. Problenms which generally arise in housing val ue
studies are nisspecification and multicollinearity. The latter is
especially problematical in this study. So much so that a large portion of
the research reported herein is directed at attenpting to solve this
probl em

The central point is that the conpletion of a housing value study is
not without theoretical and enpirical difficulties. In this case the
estimation problenms are such that it is difficult to delineate explicitly
the relationship between ozone concentrations and housing values. However,
an estimated relationship between ozone and home sale price is obtained
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through the use of principal conponents analysis. In the next section this
relationship is used to test the validity of the survey results.
Prelimnary indications are that surveys provide reasonabl e val ues for
ozone reductions.

This section is organized as follows. In the follow ng sub-section a
di scussion of the characteristics of the data is presented. Sub-section
D. 3 describes the enpirical procedure and the base enpirical results for
Los Angeles County. As is described these results are beset with
mul ticollinearity. Thus, a variety of solutions to this problem wth
associated results, are presented in sub-section D.4. None of the
solutions described in this section provide a satisfactory outcone.
However, in sub-sections D.5 and D.6, two solutions which yield the
expected relationship between home sale price and ozone concentrations are
described.  Sub-section D.7 offers summary remarks.

D.2 Data Specifics

The hypothesis to be tested is whether or not ozone
concentrations are a significant deternminant of housing sale price. The
study area is first Los Angeles County and then the entire South Coast Air
Basin, and is specifically confined to single famly residences. Thus, not
considered is the inpact of ozone concentrations upon other structures
(multiple famly dwellings, mobile hones, commercial, etc.) or other
ownership types (rental leasing, etc.). Therefore, within our sanple, this
research asks if households will pay a premumin the form of higher
housi ng val ues for hones |ocated in clean air areas and what is the
magni tude of that wllingness to pay.

The data base was constructed to enable the testing of hypotheses
concerning the inpact of ozone differences on housing sale price. The
dependent variable in the entire arfalysis is the sale price of owner
occupied single fam |y residences.” The independent variable set consists
of variables which correspond to three levels of aggregation: house,
nei ghbor hood, and comunity. Table 5.11 describes further the data
enmpl oyed in the study.

The housing characteristic data, obtained fromthe Market Data Center
(a conputerized appraisal service centered in Los Angeles), pertains to
homes sold in the 1978-79 tine period and contains igformation On nearly
every inportant structural and/or quality attribute. 't shoul d be
enphasi zed that housing data of such quality (e.g., micro level of detail
and over time) is rarely available for studies of this nature. Usually
out dated data which are overly aggregate and not collected on a regul ar
basis (for instance census tract averages only in census years) are
empl oyed. These data yield functions relevant for the "census tract"
household but are only marginally relevant at the household (micro) Ievel.
Further, it is inperative that the rent differential is calculated at the
househol d |evel for conparison with the survey results.

The initial enpirical analysis was confined to Los Angeles County for
the 1978-79 period. The Mrket Data Center provided conputer data tapes
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TABLE 5.11

VARIABLES USED IN ANALYSIS OF HOUSING MARKET FOR 1978-79

Variable Definition (assumed effect on housing sale price) Units Source
Dependent:
Sale Price Sale price of owner occupied single family ($100) Market Data Center

Independent-Housing:

Sale Date

Age
Bathrooms
Living Area
Pool

Fireplaces

Independent-Neighborhood:

Distance to Beach
Age Composition

Ethnic Composition
Time to Work

View

Independent-Community:

School Quality

Population Density

Pollution (TSP)

Pollution (03)

residences

Month the home was sold (positive)

Age of home (negative)
Number of bathrooms (positive)
Square Feet of Living Area (positive)
1 if pool, 0 if no pool (positive)

Number of fireplaces (positive)

Miles to nearest beach (negative)
Percent Greater than 62 in Census Tract
(positive)

Percent White in Census Tract
(positive)

Average time to Employment from Census
Tract (negative)

1 if view present, 0 if not
(positive)

Community®"s 12th grade math score
(positive)
Population per square mile in surrounding
community (negative)

Total Suspended Particulates (negative)

Ozone Concentrations (hegative)

January 1978 = 1
December 1979 = 24
Years

Number

Square Feet

0 = no pool

1 = pool

Number

Miles

Percent

Percent
Persons/square mile

U /m3, Annual Geometric
Agerage PPHM,
Annual Arithmetic

Average of daily maximum

Market Data Center
Market Data Center
Market Data Center

Market Data Center

Market Data Center
Market Data Center

Calculated

1980 Census
1980 Census
1980 Census

Market Data Center

California Assessment
Program (1979)

1980 Census, Thomas
Brothers Grid Maps

California Air
Resources Board




listing all hones sold in Los Angeles County during this period. The
nunber of entries was unmanageably large (approxinmtely 50,000
observations) so the data set was reduced in size using a random nunber
mat ching system  Thus, for the basic econometric work the nunber of
randomy chosen observations was 5,921. Subsequent enpirical analysis
exam ned a region extended to include the other South Coast Air Basin
counties. Again, a sanple of approxinmately 5,000 observations was used

In addition to the imediate characteristics of a home, other
variables which could significantly affect its sale price are those that
reflect the condition of the neighborhood and community in which it is
| ocated. Such variables include, school quality, ethnic conposition,
proximty to enploynent, distance to the beach, and nmeasures of |oca
popul ation density. In order to capture these inpacts and to isolate the
i ndependent influence of |ocation vis-a-vis ozone differences, these
variables were included in the econonetric nodeling.

The data base assenbled for the housing value study is appropriate to
test the hypothesis outlined above for two reasons. First, the housing
characteristic data is extrenely detailed at the household |evel of
aggregation and extensive in that a relatively large nunmber of observations
are considered. Second, a variety of neighborhood and comunity variables
whi ch enable the isolation of ozone variation on housing values have been
i ncl uded

D.3 Enpirical Results - Single Equation Mdel for Los Angel es County

The underlying structure of the initial hypothesis test is a
single equation enpirical nodel which attenpts to explain the variation in
sal e grices of homes located in Los Angeles County for the years 1978,
1979.” The estimated coefficients of these hedonic equations specify the
effect a change in a particular independent variable has on sale price. In
reference to the ozone variable, this procedure allows one to focus on its
significance while separating out the influence of other extraneous
variables. Therefore, this analysis yields two outputs concerning the
relationship of ozone differentials to housing price. The relative
significance of location variations is determned and the estimated
coefficient pertaining to location inplicitly measures its nonetary value
at the margin.

The estimated hedonic price gradient that best fits the data is
presented in Table 5.12. A nunber of aspects of the equation are worth
noting. First, both ozone and suspended particulate concentrations are
included in the equation. The particulate nmeasure is used as a proxy for
the aesthetic conponent of air quality while ozone concentrations
inplicitly nmeasure the health effects. Second, the nonlinear specification
utilized is a significant inprovenent over linear forms. As Rosen (1974)
pointed out, this is to be expected since consumers cannot always arbitrage
by dividing and repackagi ng bundl es of housing attributes. Third,
approximately .82 of the variation in home sale price is explained by the
variation in the independent variable set. Fourth, with the exception of
the time to work and percent old variables, all coefficients are
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TABLE 5. 12

ESTI MATED HEDONI C EQUATION (SEM -LOG) FOR LOS ANGELES COUNTY.
DEPENDENT VARI ABLE = in (HOME SALE PRICE IN HUNDREDS OF 1978 DOLLARS

Vari abl es Coefficient t-statistic

Site Specific Characteristics:

Sal es Date 1664 * 10~ 30.91
Age of Hone -.22998 * 10"2 -12.01
Square Feet of Living Area .3221 * 10_3 42. 77
Nunber of Bathroons L9720 * 10_1 14. 43
Nunber of Fireplaces 8774 * 10:; 15.61
Pool .9977 * 10 12. 02
Vi ew . 1390 14. 26

Community Characteristics:

School Quality 1674 * 107 2.28
Popul ation Density 1192+ 107 -7.75
% Whi t e 8583 * 1072 46. 41
% Greater THan 62 Years Ol d _.2182 *+ 1073 .. 36
Pol lution (TSP) 1148 ¢ 1071 -32. 67
Pol I ution (Czone) 1011 ¢ 107 7.30
Location Characteristics:
Time to Enpl oynment _.5349 * 107> -.53
Distance to the Beach - 1475 * 107t -15.84
Const ant 6. 4380 147. 45

R- Squar ed .82

Nunmber of Cbservations 5921
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significantly different from zero at the one percent |evel and possess the
expected relationship to home sale price. However, the npst noteworthy
aspect of the hedonic equation is that the ozone variable is positively
related to hone sale price.

The explanation for this unexpected result is found through
exam nation of the correlation coefficient matrix. This indicates that
ozone concentrations and distance to beach are highly collinear, with a
sinmple correlation coefficient of .896. \Wereas a high sinple correlation
coefficient warrants concern, it is not sufficient to claimcollinearity
as the cause of the problemwith the ozone variable. However, the degree
of harnful collinearity can be somewhat determined through a rule of thunb
suggested by Klein. This rule indicates that multicollinearity would be
- 5

2 ‘ < .
regarded as a problemonly if R HSP < R x where R usp 'S the nultiple
correlation of hone sale price versus the independent variable set and

R2 is the multiple correlation between ozone and the rest of the

i nd%pendent variables. In this case the Klein criterion is satisfied

si nce RZHSP = .82 and sz = .83. Thus, the degree of collinearity in
the data i s indeed harmful; preventing the estination of an accurate

rel ationship between ozone and hone sale price.

In Los Angeles County the collinearity is especially problematical for
the variables distance to beach and ozone for two reasons. First, the
prevailing daytinme wind patterns are essentially perpendicular o the beach
nmeani ng as one noves inland air pollution in general increases. Secondl vy,
the chemical reaction which causes ozone formation requires tine and hence
di stance fromthe original discharge locations. Thus, the prevailing w nd
patterns plus the large stock of upwind pollutants yield significant
increases in ozone concentrations as one noves inland from the beach areas.
Each variable is then measuring exactly the sane inpact upon home sale
price.

Finally, it should be noted that the collinearity problemin Los

Angel es County is stable across both functional form and randomy drawn
sanples. To justify the forner statement a variety of functional forns,
which allow for variation in both dependent and independent variables, were
estimated. Further, a nunmber of random sanples were drawn of varying size,
including the limting case of including all observations. In no instance
was the collinearity between distance to beach and ozone concentrations
broken. G ven then that the collinearity could not be reduced through
functional form or random sanpling, a variety of other approaches were
attenpted. These are the subject of the next section.

D.4 Aternative Solutions to Multicollinearity

Gven the multicollinearity between variables and the associ at ed
spurious ozone result as described above, the next task was to search for a
reasonable solution. The econonetrics literature contains a nunber of
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possibilities including: (i) dropping variables; (ii) using extraneous
estimates; (iii) ridge regression; (iv) nonrandom sanpling; (v) altering
the nodel specification; (vi) increasing the spatial variation by
increasing the study area; and, (vii) principal conponents. Each of these
was considered. Mst were elimnated either on theoretical grounds, |ack
of supporting information or statistical insignificance. Only the last two
options provided any satisfactory solution.

Consider first the dropping variables solution. The problemwith
multicollinearity is that there is insufficient information in the sanple
to permt accurate estimation of the individual paraneters. By dropping an
i ndependent variable (distance to beach in this case) one can derive
estimates of the other parameters. However, these estimates are biased
even though they have smaller mean square errors than the origina
estimates. But it is precisely the unbiasedness that is desired in this
case since the estimates are used to calculate the rent differential for
conmparison to the survey results. In this instance if distance to beach is
excluded from the estimation, then the coefficient on ozone possesses the
correct negative relationship to home sale price and is significant at the
one percent level. However, the estinmate is biased and includes the inpact
of both distance to beach and ozone concentrations. Wth no a priori
nmet hod for determining the magnitude of the bias, dropping variables does
not neet the criterion of reasonableness.

The use of extraneous estimates represents a neans to control the
collinearity by (i) using an estimate of the inpact of distance to beach on
hone sale price taken froman exogenous estimation; and (ii) correcting
hone sale price for this inpact and then estimating the independent
i nfl uences of ozone on the dependent variable. However, to our know edge,
there exists no such truly extraneous estimate of distance to beach on hone
sale price. Furthernore, this nmethod is somewhat questionable on the basis
that the extraneous estimate may indeed be "extraneous" and not neasure
precisely what was intended (Meyer and Kuh, 1957).

The next solution, ridge regression (as used to solve collinearity) is
a purely statistical solution without much basis in economc theory.
Further, interpretability is oftentines a problemw th the paraneter
estimates from this procedure. Thus, this solution was not considered in
det ai |

The nonrandom sanpling solution constitutes an attenpt to break the
collinearity by choosing the sanple so as to control for one of the problem
variables. Two separate nonrandom sanpling procedures were tried in this
study. First, sampling was conpleted along lines parallel (constant
distance) to the beach. This was an attenpt to control for beach distance
yet allowing variation in the other explanatory variables. The primary
probl em of this procedure is control of beach distance effectively
controlled the variation in other variables. The distance to beach
variable is insignificant as is expected since it is being controlled.
However, this does not solve the problem of the ozone variable since it
too is not significantly different from zero even at the ten percent |evel
This is also to be expected given the degree of collinearity between the
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two explanatory variables; that is, controlling for one effectively
controls the other.

In response to this problem the second nonrandom procedure was
conducted along lines possessing an approxinmate forty-five degree angle
relationship to both the beach and the predom nant wind direction. This
constituted an internediate sanpling method by controlling somewhat for
beach access yet allow ng sone variation. The results of this exercise
were somewhat nore promising in that ozone concentrations possess the
correct relationship (negative, but not significantly different from zero)
to hone sale price. However this approach is beset by other limtations,
which are also of concern in the first nonrandom sanpling procedure. These
limtations include the follow ng.

First, there is insufficient variation in other variables to permt
accurate estimation; that is, the sanpling procedure reduces the inherent
variation in the other variables. Second, there is induced
multicollinearity as a result of this insufficient variation. Thus
whereas the sinple correlation between ozone and distance to beach is
reduced, the simple correlations between ozone and popul ation density,
ozone and TSP, TSP and popul ation density, ozone and percent greater than
62 years old and others denonstrate marked increases. The tota
multicollinearity is therefore not reduced due to the non-random sanpling.
Third, without a specific sanpling plan generalization outside the sanple
may not be justifiable.

In conclusion, the non-random sanple experinents conducted were not
compl etely successful. However, sone hope remains, especially in light of
the results concerning the second approach. It seems that a non-random
sanpling nmethod could be devised that counters the argunents presented
above. Thus, this solution is not w thout some nerit and may warrant
further investigation.

The failure of the previous experinents |ed these researchers to
question the basic nodel specification. That is, rather than posit a
single equation nodel, a sinmultaneous equation system was exanined. The
basis for this nodel is that ozone is a produced pollutant and is dependent
upon its precursors (reactive hydrocarbons, oxides of nitrogen) plus sone
reaction tine. If reaction tine is functionally dependent upon distance
travelled then this would explain the high correlation between ozone and
di stance to beach in Los Angeles County. Note that distance to beach is
essentially distance travelled (or reaction time) since the predom nate
daytime wind direction is perpendicular to the beach.

The structural equations of this simultaneous system can be formally
stated as:

n
HSP = 8+ 8,+(BD) + 8,(05) + B,(NO_) +1§1yixi (5.19)
Ozone = a * al'(BD) + az-(NOx) + u3-(HC) (5.20)
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wher e

HSP = honme sale price

BD = distance to nearest beach

0, = ozone concentrations

NOX = oxide of nitrogen concentrations

HC = reactive hydrocarbons concentrations

X, = the rest of the independent variable set usually associated
with a hedonic housing equation

ai’Bi’Yi = paraneters to be estimted

The first equation is the standard hedoni c housing equation. The
second equation is the production relationship. Each equation could be
specified as above (linear) or sonme other better fitting functional form
In this nodel the endogenous variables are home sale price and ozone
concentrations. Al other variables are exogenously determned. In
addition, under the assunption that reactive hydrocarbons are not perceived
directly by households (reactive hydrocarbons are onmitted from the first
equation) then the nodel is identified; that is, the rank condition for
identification is satisfied.

Substituting the second equation into the first the nmodel can be
rewitten as:

HSP = (Bo+82ao) + (81+62a1) * BD + (B3+Bza2) < NO_ + B,a4HC

N
+ 1£1 9 (5.21)
or where
Ao = Bo * Bzuo
A= Byt By
Ay = By + By
Ay = Byoq
N

HSP = A_+ A; * BD + X, * NO_ + )y * HC +i£l e (5. 22)

Equations (5.20) and (5.22) are the reduced-form equations. The paraneters
of the nodel (ai,li,*{i), can then be estimated using indirect |east
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squares. In this nethod the reduced-form equations are estimted using
ordi nary | east squares and then the structural equation parameters are
obtained from the relationships specified above. Thus

Bo = Ao - (A3/a3) ) ao
By = A - Og/ap) « o)
By = Ag/ag

By = Ay = (A3/ag) - e,

No transformation is required for the @y and the Y-

Consi dering the ozone equation, estimation was conpleted as follows.
Data at each of the air quality nmonitoring stations was utilized in the
estimation. (Ozone, NO _and HC were specified as annual arithmetic averages
of the daily maxi num values. Distance to beach was measured §n mles. The
estimated equation in linear formis presented in Table 5.13. As
indicated the only significant variable is distance to beach. This inplies
that the proposed physical npbdel is sonewhat deficient.

Furt her investigation of the physical relationship betwen ozone and
its constituent pollutants reveal ed that ozone peaks generally occurred
downwi nd from the hydrocarbon and oxides of nitrogen peaks. Therefore,
rather than use.¥¢-.NO and Q,mpasurements from the sane nmonitoring
station, ozone concentTations at each station were related to the
corresponding farthest upwind station. These results are presented in
Table 5.14. Again, distance to beach is the only significant variable
indicating rejection of the physical nodel of ozone formation. In this
case the failure of HC and NQ to appear as significant variables my be
traced to the lack of sufficidnt variation in the upwi nd data on an annua
average basis. A nore reasonabl e approach woul d enpl oy daily pollution
dat a.

These experinents indicate that the proposed physical nodel is either
incorrectly specified or the data is insufficient for the task. Wthout an
accurate physical nmodel the sinultaneous equati on approach as devel oped
here lacks sufficient justification. Thus, as a solution to the
multicollinearity problemthe sinultaneous equation nethod was abandoned.
This does not inply that the nethodol ogy is inherently incorrect but rather
that until further refinenents are made the nodel holds little pronise

This section examned a variety of solutions to nulticollinearity in
the Los Angeles data set. Essentially, each proposed solution was
unsuccessful . In the next two sections enpirical results are presented for
two solutions which do yield the expected rel ationship between ozone
concentrations and home sale price

D.5 Enpirical Results - Single Equation Mdel, South Coast Air Basin

As is detailed above, there exists severe collinearity between
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TABLE 5.13
ESTI MATED QOZONE EQUATI ON (LI NEAR) FOR LOS ANGELES COUNTY.
DEPENDENT VARI ABLE = CQZONE CONCENTRATI ONS | N PARTS PER M LLION

Vari abl es Coef ficient t-statistic
Beach Distance . 00426 3.10
Oxi des of Nitrogen . 5233 1.05
Hydr ocar bons -. 00464 -.834
Const ant -. 0049 -. 067
R- Squar ed .60

Resi dual Sum Sqguar es . 0115

Nurmber of Cbservations 14
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TABLE 5.14

ESTI MATED OZONE EQUATI ON (LI NEAR) FOR LOS ANGELES COUNTY
UPWND DATA.  DEPENDENT VARI ABLE = QZONE CONCENTRATIONS I N
PARTS PER M LLION

Vari abl es Coef fi cient t-statistic
Beach Distance . 0056 4.22

Oxi des of Nitrogen . 962 . 867
Hydr ocar bons . 0021 .109
Const ant -.102 -. 853

R- Squar ed .55

Resi dual Sum Squares . 0124

Nunber of Cbservations 14
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ozone and distance to beach within Los Angeles County. However, in the
areas adjacent to Los Angeles County the collinearity between these
variables is nuch less apparent. Therefore, it was decided to increase the
spatial variation in the data set through the addition of data from O ange
Riverside and San Bernardino Counties. The data addition was restricted to
t hose areas of each county which borders Los Angel es County on the prem se
that data from long distances would constitute a separate housing narket.
The housing data was obtained fromthe SREA Market Data Center while the
associ at ed nei ghborhood and community data were obtained fromthe sources
outlined in Table 5.1.

The data fromthe surrounding counties were pooled with the origina
Los Angeles County data. The new data set had approximtely 68,400
observations. The relevant county breakdown was Los Angeles with 50,432
Orange with 12,117, Riverside with 1,452 and San Bernardino with 4,405
Due to this large size the data set was reduced to 4,951 observations using
a random nunber matching system In order to account for any variation in
housi ng markets across county boundaries a set of zero-one variables for
county location were constructed and added to the data set. Before
proceeding to a discussion of the enpirical results based on the new sanple
it should be noted that the additional data reduced the sinple correlation
coefficients between ozone and beach from .896 to approximtely .66.

In addition to the data which increased the spatial variation, data
whi ch nore closely approxi mates the aesthetic aspect of air quality becane
available. That is, a measure of actual visibility, or its reciprocal
light extinction was generated by a simultaneous California Air Resources
Board project. The variable visibility is neasured as nedian mles and wgs
calculated for grid squares roughly four miles square for the study area
This variable was entered into the data set as another explanatory or
i ndependent vari abl e.

Gven the data as outlined above, a single equation hedonic housing
model was estimated. A particular exanple is presented in Table 5.15
Note that the Riverside County zero-one variable is the excluded variable
so that the zero-one variables for the other counties are interpreted as
devi ations from Riverside County as depicted by the constant term As is
illustrated, the estinated equation seens to performquite well on a nunber
of counts. First, approxinately 80 percent of the variation in home sale
price is explained by the independent data set. Second, with few
exceptions, the estimted coefficients possess the expected relationship to
hone sale price and are significant at the one percent level. Two
exceptions are ozone and school quality. However, these variables are
significantly different fromzero at the ten percent |evel under the
presunption of a priori information; that is, the sign of the variable is
known in advance. Therefore, the only variable which is not significantly
different fromzero at the ten percent level is tine to work. However,
this is not totally unexpected since this variable is essentially constant,
denonstrating a small variance around its mean. The indication is that
nost people travel about the sane tine to work. Thus, its insignificance
is not particularly troublesome.
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